DISCLAIMER: The developed report has been completed using the best information available and are believed to be accurate; however, its preparation required many assumptions. Actual conditions during a tsunami may vary from those assumed, so the accuracy cannot be guaranteed. Areas inundated will depend on specifics of the earthquake, any earthquake-triggered landslides, on-land construction, tide level, local ground subsidence, and may differ from the areas shown on the map. Information on this map is intended to permit state and local agencies to plan emergency evacuation and tsunami response actions.
INTRODUCTION
Subduction of the Pacific plate under the North American plate has resulted in numerous great earthquakes along the Alaska-Aleutian subduction zone and has the highest potential to generate tsunamis in Alaska (Dunbar and Weaver, 2008) . The Aleutian megathrust ( fig. 1 ), the fault formed by the Pacific-North American plate interface, is the most seismically active tsunamigenic fault zone in the U.S. The latest sequence of great earthquakes along the Alaska-Aleutian subduction zone began in 1938 with a Mw 8.3 earthquake west of Kodiak Island (Estabrook and others, 1994) . Four subsequent events, the 1946 Mw 8.6 Aleutian (Lopez and Okal, 2006) , the 1957 Mw 8.6 Andreanof Islands (Johnson and others, 1994) , the 1964 Mw 9.2 Alaska (Kanamori, 1970) , and the 1965 Mw 8.7 Rat Island (Wu and Kanamori, 1973) earthquakes, ruptured almost the entire length of the subduction zone. Tsunamis generated by these great earthquakes reached Alaska coastal communities within minutes after the earthquakes and resulted in widespread damage and loss of life (National Geophysical Database Center/World Data Service [NGDC/WDS]). Community preparedness, including estimates of potential flooding of the coastal zone, can reduce the loss of life and property in the event of a local or distant tsunami.
The potential future occurrences of earthquakes and tsunamis necessitates the development of inundation and tsunami evacuation maps for use in tsunami hazard mitigation. In this report, we provide an analysis of numerical modeling of tsunamis and develop tsunami-hazard map approximations 3 for the communities of False Pass and Perryville. This report is intended for use by scientists, engineers, and planners interested in applying modeling results to develop tsunami inundation and evacuation maps. Digital data and documentation provided with the report enable technical users to explore the range of potential tsunami hazards expected in future events. PROJECT BACKGROUND: REGIONAL AND HISTORICAL CONTEXT
Community profiles
The community of False Pass (54°49'40"N, 163°23'57"W), population 60, is on the eastern end of Unimak Island on a strait that connects the Pacific Ocean to the Bering Sea; another part of the community is across the strait on the westernmost tip of the Alaska Peninsula ( fig. 1 ). False Pass is 1,040 km (646 mi) southwest of Anchorage and 322 km (200 mi) east of Dutch Harbor. According to the Alaska Department of Commerce, Community and Economic Development's Division of Community and Regional Affairs (DCCED/DCRA, 2013), the area was originally settled by a homesteader in the early 1900s, and the first cannery was established in 1917. Alaska Natives immigrated to False Pass from other places when the cannery was built. The cannery operated almost continuously until it was destroyed by fire in 1981. The city was incorporated in 1990. False Pass is a federally recognized tribe, primarily Unangan. Fishing, fish processing, and subsistence activities are major parts of the lifestyle. Boat and aircraft are the only way to get to False Pass.
The community of Perryville (55°54'49''N, 159°09'04''W), population 113, is on the south coast of the Alaska Peninsula ( fig. 1 ). It is 805 km (500 mi) southwest of Anchorage, and 443 km (275 mi) southwest of Kodiak. Perryville is an Alutiiq community and a federally recognized tribe and maintains a subsistence lifestyle. Commercial fishing provides cash income. According to DCCED (2013), the community was founded in 1912 as a refuge for Alutiiq people driven away from their villages by the eruption of Mt. Katmai. Captain Perry of the ship "Manning" transported people from the Katmai area to Ivanof Bay and later to the new village site. The village was originally called "Perry", but the "ville" was added to conform to the name of the area's post office, established in 1930. Perryville is also accessible only by boat and aircraft. Scheduled and charter flights are available from King Salmon.
Seismic and Tsunami History
The community of Perryville is on the western Alaska Peninsula, and False Pass is on Unimak Island, the easternmost island of the Aleutian Islands chain ( fig. 1 ). This island arc constitutes the boundary along which the Pacific and North American plates converge and form the Alaska-Aleutian subduction zone (AASZ). The Shumagin Islands archipelago comprising about 20 islands is in the same area. The rate of plate convergence near the archipelago is approximately 63-66 mm (2.5-2.6 in) per year (DeMets and others, 1990; Page and others, 1991; Argus and others, 2010) . The Alaska-Aleutian megathrust beneath the Alaska Peninsula region has produced significant tsunamigenic earthquakes in the past. Refer to "Seismic and Tsunami History" in Nicolsky and others (in publicaiton: this is the Sand Point report) for a detailed description of these events and a summary of the tectonic regime in the area of the western Alaska Peninsula.
According to the National Geophysical Data Center (NGDC) Global Historical Tsunami Database and Lander (1996) , both False Pass and Perryville were affected by tsunami waves in the recorded history (table 1). On April 1, 1946, a strong Mw 8.6 earthquake (Lopez and Okal, 2006) near Unimak Island triggered a major destructive tsunami in the Pacific Ocean. Local waves reached 42 m (138 ft) in height on Unimak Island and 3 m (10 ft) in Perryville. The Great Alaska Earthquake of March 27, 1964, resulted in some damage at the False Pass cannery. Several other earthquakes and tsunamis likely affected the areas around False Pass and Perryville in the past; however, no records of events prior to 1946 are currently available. 
METHODOLOGY AND DATA Methodology
The regional tsunami hazard maps for False Pass and Perryville described in this report represent the results of the continuous combined effort of state and federal agencies to assist coastal communities in Alaska with tsunami hazard assessment. In recent years, tsunami inundation maps and reports have been published for a number of communities (Nicolsky and others, 2011a (Nicolsky and others, , 2013 (Nicolsky and others, , 2014 Suleimani and others, 2010 Suleimani and others, , 2013 Suleimani and others, , 2015 . In these studies, the authors performed numerical modeling of tsunami waves for each community using high-resolution digital elevation models (DEMs) of combined bathymetry and topography, which have been verified with local RTK GPS surveys. The potential inundation that would result under various tsunami scenarios was simulated using the best available high-resolution data (typical spatial resolution: 15 m [49 ft]). The authors in the above-mentioned series of reports also performed sensitivity studies to determine a possible slip distribution for the worst-case credible tsunami events. In addition, multiple constraints such as regional seismicity, tectonic processes, and geodetic and paleotsunami data were taken into account.
In this report we use a different approach because the currently available DEMs of False Pass and Perryville do not satisfy the requirements for high-resolution numerical modeling of the tsunami inundation zone due to lack of high-resolution bathymetry and topography data. The existing DEMs can have large horizontal and vertical discrepancies, and hence results of tsunami inundation modeling might have large errors and could therefore misinform emergency managers about the true location of the potential inundation zone. In this case, we follow the National Tsunami Hazard Mitigation Program (NTHMP) guidelines (http://nws.weather.gov/nthmp/modeling_guidelines.html) for determination of tsunami hazard zones in areas that either have low risk due to small population size and minimal infrastructure vulnerability, or would not receive high-resolution tsunami inundation maps in the near future. The tsunami hazard maps of False Pass and Perryville are developed using the methodology described in detail in Suleimani and others (2017, in press ).
Computational Grids and Data Sources
To develop a regional tsunami hazard map we employ a series of nested computational grids. A nested grid allows for higher resolution in areas where it is needed without expending computer resources in areas where it is not. The bathymetric and topographic relief in each nested grid is based on digital elevation models (DEMs) developed at the National Geophysical Data Center (NGDC) of the National Oceanic & Atmospheric Administration (NOAA) in Boulder, Colorado. The extent of each grid used for the False Pass and Perryville mapping project is shown in figure 2 and listed in table 2. The coarsest grid, with 2-arc-minute (approximately 2 km) resolution, spans the central and northern Pacific Ocean. The bathymetric data for the 2-arc-minute-resolution grid is extracted from the ETOPO2 dataset (NGDC/NOAA). We use two intermediate grids between the coarsestand highest-resolution grids (table 2). The data sources and methodology used to develop the 24-arc-second DEMs are described in detail by Lim and others (2011) . The 8-, and 8/3-arc-second DEMs were developed by the National Oceanic and Atmospheric Administration's National Centers for Environmental Information (NCEI) in the scope of NTHMP (Jason Caldwell, oral commun.). The fine-resolution grid for False Pass covers the eastern tip of Unimak Island and the western end of the Alaska Peninsula. The fine-resolution grid for Perryville covers a section of the Pacific coast of the Alaska Peninsula adjacent to Perryville. The spatial resolution of the fine-resolution grid cells, with about 48 × 82 m (157 × 269 ft) dimensions, satisfies NOAA minimum recommended requirements for estimation of the tsunami hazard zone (National Tsunami Hazard Mapping Program [NTHMP], 2010) ); however, no DEM verification efforts were conducted to reduce uncertainties in the fine-resolution, Level 3, False pass and Perryville grids. Therefore, in this report we do not perform high-resolution runup modeling, but provide an estimation of the tsunami hazard zone by extrapolating the maximum composite tsunami wave height on land according to the tsunami scenarios described below. We account for uncertainties inherent to this method by applying the safety factor to the estimated hazard zone. 
Tsunami Sources
In this project we employ the deterministic method to develop potential tsunami sources, which is distinctly different from the probabilistic tsunami hazard analysis used in projects with different objectives, such as land-use planning or insurance estimates (Geist and Parsons, 2006) . Alaska tsunami hazard maps are produced on the basis of significant credible tsunami scenarios for a given segment of the coastline. Although in this report we do not develop a worst-case credible tsunami scenario (it is completed in the above-referenced series of reports), we employ underlying assumptions and results regarding the maximum considered scenarios for other locations along the Alaska-Aleutian subduction zone. In this regional tsunami hazard assessment project, we use the three tsunami scenarios developed by Suleimani and others (in press, 2017) . These potential ruptures with a uniform slip distribution along strike are positioned on the Alaska-Aleutian subduction zone south of the communities of False Pass and Perryville. The three sources differ in the down-dip slip distribution pattern such that the depth range, at which the maximum slip occurs, varies from the shallow region close to the trench, to the deeper parts of the plate interface. All ruptures have the same extent, which is determined by the location of communities and constrained by the seismic moment. Refer to Suleimani and others (in press, 2017) for description of the scenario development and for the proposed slip distributions. The three significant characteristic tsunami scenarios for False Pass and Perryville are outlined below. The vertical coseismic deformations for these scenarios are shown in figure 3.
Scenario 1.
Mw 9.0 earthquake: SAFRR-type event This event is a hypothetical Mw 9.0 earthquake rupturing the Alaska-Aleutian megathrust. During the Tohoku earthquake a large amount of slip occurred between the subducting and overriding plates near the Japan trench (Fujii and others, 2011; Shao and others, 2011) . The USGS Science Application for Risk Reduction (SAFRR) project, in collaboration with NOAA and State of California agencies, has developed a plausible hypothetical tsunami scenario (Kirby and others, 2013) to describe the impacts of a tsunami generated by an earthquake in the Alaska Peninsula region (Ross and others, 2013) . For scenario 1 in this report we assume that the slip distribution in the downdip direction is the same as that in the SAFRR source, where greater slip occurs closer to the trench. This hypothetical rupture is positioned across the shelf area from the communities of False Pass and Perryville. The slip is distributed almost uniformly along strike except for the edges of the rupture where it tapers. The maximum slip of 46 m (151 ft) is at a depth of 5-15 km (3-9 mi). Vertical coseismic deformations for this scenario are shown in figure 3a. 
Numerical Model of Tsunami Propagation and Runup
The numerical model currently used by the Alaska Earthquake Center (AEC) for tsunami inundation mapping is a nonlinear, flux-formulated, shallow-water model (Nicolsky and others, 2011b ) that has been validated (NTHMP, 2012) through a set of analytical benchmarks and tested against laboratory and field data (Synolakis and others, 2007) . The application of the model to tsunami inundation mapping of Alaska's coastal communities, including its assumptions and limitations, is described in a number of previous tsunami reports; see, for example, Suleimani and others (2010 Suleimani and others ( , 2013 Suleimani and others ( , 2015 and Nicolsky and others (2011a Nicolsky and others ( , 2013 Nicolsky and others ( , 2014 . In this study we conduct all model runs using bathymetric data that correspond to the MHHW tide level in False Pass and Perryville.
MODELING RESULTS
We performed numerical calculations for all scenarios described above. For every scenario, we modeled the water dynamics in each grid listed in table 2, and computed maximum tsunami wave heights in the Level 3 grids for False Pass and Perryville. Each model run was performed for 6 hours of tsunami propagation to account for all waves in the wave train, as well as for secondary (reflected) waves. Figures 4 and 5 show the maximum tsunami heights for scenarios 1-3 in the False Pass and Perryville grids, respectively. In the False Pass area, all scenarios produce a similar energy pattern. The highest tsunami amplitudes are present along the south shore of the Ikatan Peninsula, which acts as a shelter for Ikatan Bay and False Pass. In the Perryville grid, scenarios 1 and 2 result in higher tsunami amplitudes along the coastline east of the community, while scenario 3 generates high-amplitude waves that are almost uniformly distributed along the southern coast of the Alaska Peninsula.
We show the maximum composite tsunami height for all scenarios, calculated for the vicinity of False Pass, in figure 6. For each tsunami scenario, we first calculate the maximum tsunami wave heights in the highest-resolution grid over the course of the entire model run in the following way: at each grid point, the tsunami wave height is computed at every time step during the tsunami propagation time, and the maximum value is kept. Then we compute the composite maximum wave height from all considered scenarios by again choosing the maximum value for each grid point among all scenarios, and plot the results in the vicinity of the coastal community and surrounding waters. The absolute maximum value of the tsunami height in this region is 10 m (32.8 ft); multiplyed by a safety factor of 1.3 it predicts 13 m (42.7 ft) for the maximum estimated runup height for community of False Pass. We present in figure 7 the maximum composite tsunami height for all scenarios, calculated for the vicinity of Perryville. The absolute maximum value of the tsunami height in this region is 16 m (52.5 ft); multiplyed by a safety factor of 1.3 it predicts 21 m (68.9 ft) for the maximum estimated runup height for the community of Perryville. For each community, we draw an elevation contour on the community topographic map that corresponds to the maximum estimated runup height. This contour approximates the boundary of the tsunami hazard zone, and could be used by emergency planners and public officials as a guideline in tsunami mitigation activities. For False Pass, we used the DCRA elevation dataset based on the digital orthophoto of the community. The closest contour to the maximum runup height of 13 m (42.7 ft) was at the elevation of 12.07 m (39.59 ft) and therefore was extracted as the tsunami hazard boundary. For Perryville, the closest DCRA contour to the maximum runup height of 21 m (68.9 ft) was at the elevation of 21.01 m (68.93 ft) and therefore was extracted as the tsunami hazard boundary. A reader can refer 
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Scenario 1: M W 9.0 earthquake, SAFRR-type event.
Scenario 2: M W 9.0 earthquake, maximum slip at 15 -25 km depth.
Scenario 3: M W 9.0 earthquake, maximum slip at 25 -35 km depth. to the metadata that accompanies the report for more details. Figures 8 and 9 illustrate approximate tsunami hazard maps for the communities of False Pass and Perryville, respectively, and indicate that most of the buildings and infrastructure in each community are within the potential tsunami inundation zone.
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To help emergency managers assess the tsunami hazard in False Pass and Perryville, we supplement the hazard maps with the time series of the modeled water level at a nearshore location in each community. These locations are shown by black triangles in figures 6 and 7, and the time series plots are shown in figure 10 . Zero time corresponds to the time when the earthquake occurs. To compare the height of arriving tsunamis for different scenarios, which result in different values of land subsidence, we use a vertical datum with a zero mark corresponding to the post-earthquake sea level. Analysis of the time series plot shows that scenario 2 results in the highest waves at False Pass, and scenario 3 generates the highest waves at Perryville. Also, the time series plots demonstrate that waves of dangerously high amplitudes may affect the communities for more than 6 hours.
SUMMARY
We present results of modeling earthquake-generated tsunamis in the region of the western Alaska Peninsula, and their effects on the communities of False Pass and Perryville. We numerically model tsunami waves generated by local hypothetical tectonic sources, analyze tsunami wave dynamics in the vicinity of the communities, and develop tsunami-hazard map approximations. In particular, we compute the composite maximum wave height from all considered scenarios and follow the NTHMP guidelines to extrapolate the modeling data on land to estimate tsunami inundation. The maximum assumed runup heights that include the safety factor are 13 m (42.6 ft) and 21 m (68.9 ft) for the communities of False Pass and Perryville, respectively.
The tsunami inundation approximations shown on the tsunami hazard maps have been completed using the best information available and are believed to be accurate; however, their calculation required many assumptions. In this assessment, we estimate the potential tsunami inundation zone based on three significant tsunami scenarios. Hence, the modeled tsunami inundation cannot be considered exhaustive, but nevertheless the modeling results are thought to provide a sound approximation to the potential tsunami inundation zone in the communities. We also note that actual conditions during a tsunami event may vary from those considered, so the accuracy under conditions other than those considered cannot be guaranteed. The limits of inundation shown should be used only as a guideline for emergency planning and response action. Actual areas inundated will depend on specifics of earth deformation, land construction, and tide level, and may differ from projected areas shown on the map. The information on the hazard maps is intended to assist state and local agencies in planning emergency evacuation and tsunami response actions in the event of a major tsunamigenic earthquake. These results are not intended for land-use regulation or building-code development. 
ACKNOWLEDGMENTS
Projection:
A l a s ka S t a t e P l a n e Z o n e 7 ( F eet ) Datum:
No r t h A m er i ca n Da t um o f 1 9 8 3 Cartography by:
A . E . Ma cp her s o n 1 ( 2 0 1 8 ) Cartographic review by:
P . E . Ga l l a gher ( 2 0 1 8 ) Reviewed by:
( 2 0 1 8 The State of Alaska makes no express or implied warranties (including warranties for merchantability and fitness) with respect to the character, functions, or capabilities of the electronic data or products or their appropriateness for any user's purposes. In no event will the State of Alaska be liable for any incidental, indirect, special, consequential, or other damages suffered by the user or any other person or entity whether from the use of the electronic services or products, or any failure thereof or otherwise. In no event will the State of Alaska's liability to the Requestor or anyone else exceed the fee paid for the electronic service or product.
